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Objective: To assess exercise induced analgesia (EIA) and pain sensitivity in hip and knee osteoarthritis
(OA) and to study the effects of neuromuscular exercise and surgery on these parameters.
Design: The dataset consisted of knee (n ¼ 66) and hip (n ¼ 47) OA patients assigned for total joint
replacement at Lund University Hospital undergoing pre-operative neuromuscular exercise and 43
matched controls. Sensitivity to pressure pain was assessed by pressure algometry at 10 sites. Subjects
were then instructed to perform a standardized static knee extension. Pressure pain thresholds (PPTs)
were assessed at the contracting quadriceps muscle (Q) and at the resting deltoid muscle (D) before and
during contraction. The relative increase in PPTs during contraction was taken as a measure of localized
(Q) or generalized (D) EIA. Patients were assessed at baseline, following on average 12 weeks of
neuromuscular exercise and 3 months following surgery.
Results: We found a normal function of EIA in OA patients at baseline. Previous studies have reported
beneﬁcial effects of physical exercise on pain modulation in healthy subjects. However, no treatment
effects on EIA were seen in OA patients despite the increase in muscle strength following neuromuscular
exercise and reduced pain following surgery.
Compared to controls, OA patients had increased pain sensitivity and no beneﬁcial effects on pain
sensitivity were seen following treatment.
Conclusions: To our knowledge, this is the ﬁrst study of EIA in OA patients. Despite increased pain
sensitivity, OA patients had a normal function of EIA.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Pain in osteoarthritis (OA) is considered as nociceptive and for
good reasons; (1) the affected joint exhibits typical peripheral pa-
thology (i.e., cartilage erosions and pathology of the synovial tissue
and subchondral bone1), and (2) total joint replacement (TJR)
typically reduces pain, providing ‘proof’ that the origin of pain had
been correctly identiﬁed2. However, inconsistent results have beeno: E. Kosek, Department of
väg 8, S-171 77 Stockholm,
a.nilsdotter@regionhalland.se
s Research Society International. Preported regarding the relationship between the severity of joint
pathology and pain intensity1,3e5, indicating that other mecha-
nisms are involved. The discrepancy between the degree of struc-
tural joint pathology and pain intensity could be explained by
variable degrees of peripheral and central sensitization, i.e., altered
bottomeup or topedown pain modulation. In fact, bottomeup as
well as topedown alterations in pain modulation have been re-
ported in animal and human OA studies6,7.
The importance of central nervous system (CNS) mechanisms
for OA pain has been highlighted in a number of studies. Increased
pain sensitivity at afﬂicted joints, as well as at distant pain-free
sites, has been reported in knee8e11 and hip12 OA patients. The
increased pain sensitivity normalized following TJR11,12, indicating
that it was initiated and maintained by the nociceptive input fromublished by Elsevier Ltd. All rights reserved.
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Furthermore, abnormal function of endogenous pain inhibitory
mechanisms, i.e., dysfunctional conditioning pain modulation
(CPM) has been shown in knee9,11 and hip13 OA patients. The
dysfunction of CPM normalized following TJR11,13, indicating that it
was initiated and maintained by nociceptive input from the
affected joint. Dysfunction of CPM has been related to increased
risk of chronic postoperative pain14 and has also been proposed to
increase the risk to develop chronic widespread pain, hypotheti-
cally explaining why OA patients are at increased risk of chronic
widespread pain and ﬁbromyalgia15.
Physiologically, CPM is closely related to other forms of endog-
enous pain inhibitory mechanisms such as exercise induced anal-
gesia (EIA)16,17. In accordance with this, previous studies have
shown that patients with dysfunctional CPM, such as ﬁbromyalgia
patients, also display dysfunctional EIA18. Physical exercise is an
important treatment modality in many chronic pain conditions,
including OA19. However, specially developed exercise regimes are
needed in patient groups with dysfunctional EIA17. To our knowl-
edge, EIA has never been assessed in OA patients. Themain purpose
of the present studywas to assess the function of EIA in OA patients.
Exercise has been reported to improve topedown pain regulation20
and reduce sensitivity to painful stimuli21 in healthy subjects.
Therefore, we wanted to assess the possible effects of neuromus-
cular exercise on EIA and evoked pressure pain in OA patients. Our
hypothesis was that exercise would improve EIA and reduce
sensitivity to pressure pain. In addition, an assessment following
TJR was included to determine the inﬂuence of ongoing pain on EIA
and evoked pressure pain in OA.134 OA pat
51 hip OA
66 TKR 45 THR
21 loss to 
follow-up #
4 loss to 
follow up
66 knee OA 47 hip OA
44 THR63 TKR
83 knee OA
Fig. 1. Study ﬂow-chart.
# Of the 21 patients lost to follow-up after exercise ﬁve withdraw consent, ﬁve were no lo
primary diagnosis, four were unable to attend the test, and ﬁve did not complete the pain
x Of the four patients lost to follow-up after surgery two patients were unable to attend due
patient was lost due to technical problems with the pressure algometer.Methods
Subjects
The patients were recruited consecutively at the Department of
Orthopaedics at Lund University Hospital, Sweden, between
September 2007 andMarch 2009. The patients who did not want to
participate in the study or whowere excluded due to the criteria for
exclusion were unfortunately not reported. Hundred and thirty-
four patients who were assigned for total hip replacement (THR)
(n ¼ 51) or total knee replacement (TKR) (n ¼ 83) at the Depart-
ment of Orthopaedics at Lund University Hospital were included in
the study (Fig. 1). Inclusion criterion was primary OA. Exclusion
criteria were post-traumatic OA (e.g., fractures), rheumatoid
arthritis (RA), psoriatic arthritis, severe heart failure and neuro-
logical diseases that inﬂuence physical function, congenital hip
deformities, Mb Perthes, patients who had been operated on with
THR or TKR during the last 12 months, dementia and not Swedish-
speaking due to the high level of language skills required for
questionnaires and quantitative sensory testing. Patients who were
treated with antidepressants, neuroleptics, anticonvulsive drugs or
steroids were also excluded.
Controls
A random sample from the population, identiﬁed through the
Swedish civil registration system, was recruited at the same time
period as the patients. Power calculations based on previous
studies indicated that at least 40 controls were needed. In order tobaseline
following exercise  




nger candidates for surgery, two were excluded due to language difﬁculties/incorrect
testing.
to their working conditions, one because of an infected knee following surgery and one
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the civil register indicated that 141 subjects needed to be contacted.
An invitation was sent by mail to 141 people between 60 and 75
years old, living in the same geographic area as the patients. Forty-
two did not respond to mail or telephone calls, and 27 declined to
participate (49%). People who accepted the invitation were
assessed for eligibility by telephone (n¼ 72). Subjects that had been
treated for hip or knee disorders within the last year (n ¼ 11), or
fulﬁlled any exclusion criteria, as described for the patients, were
excluded (n ¼ 16). Forty-ﬁve accepted the invitation, two of these
withdrew because of medical issues unrelated to the study. The
remaining 43 (23 women) were included.
The research ethics committee at Lund’s University approved
the study (LU 81/2006) and the participants signed a written
informed consent.
Procedure
This is a longitudinal cohort study. At baseline, subjects were
asked to rate the current overall pain intensity on a visual analogue
scale (VAS), anchored with the words “no pain” and “worst imag-
inable pain”, respectively. Pain in 18 different body regions (0e18)
was assed using the Nordic questionnaire22. Depression and anxi-
ety (minimum 0, maximum 21) were assessed using the Hospital
Anxiety and Depression Scale (HADS)23.
Self-reported data was assessed using the Knee injury and
Osteoarthritis Outcome Score (KOOS) and Hip Disability and Oste-
oarthritis Outcome Score (HOOS), for patients having TKR and THR,
respectively24e26. The KOOS/HOOS questionnaires compromise ﬁve
subscales; pain, other symptoms, activities in daily living (ADL),
function in sport and recreation (sport/rec), and hip/knee related
quality of life (QOL). Each subscale is scored on a 0 (worst)e100
(best) scale. The corresponding KOOS/HOOS subscales were com-
bined in the analysis.
Pressure pain thresholds (PPTs) and pressure pain (PP) corre-
sponding to 4/10 (PP4) and 7/10 (PP7) were assessed and the
maximal voluntary contraction force (MVC) was determined fol-
lowed by assessments of EIA (see below).
Following the baseline assessments, all patients were offered
individualized, goal-based neuromuscular training (NEMEX-TJR) in
groups, supervised by a physical therapist in 1-h sessions, twice a
week. The feasibility of this program, and the program itself, in
patients with severe OA of the hip or knee has previously been
reported in detail27. 29/113 (26%) patients declined to participate in
the group training because they had an established contact with a
physical therapist at their local health care centre, or because of
problems with transportation to the intervention site. These pa-
tients were given a folder with the NEMEX-TJR training program,
and were advised to follow this program, preferably under the
supervision of a physical therapist, until they had surgery.
Compliance was not documented for this group of patients. The
training program was carried on until surgery, average 12 weeks,
range 2e34 weeks. The baseline assessments were repeated
following exercise in patients and with a 3-month interval in
controls and also 3 months following TJR. The reason we choose to
reassess pain sensitivity and EIA at 3 months following surgery was
that previous studies have reportedmaximal pain relief at this time
in hip OA patients2, although a longer time interval (12 months)
might be optimal for knee OA28. The same physical therapist per-
formed all assessments.
Assessment of exercise induced pain modulation
Maximal isometric knee extension strength at the afﬂicted leg
was assessed in a sitting position with hips and knees ﬂexed 90degrees and hands resting in the lap. A hand-held dynamometer
(Baseline evaluation instruments, White Plains, USA) ﬁxed to the
chair was used. Three measurements were taken, each trial lasting
7 s, with 1 min rest between trials. The highest greatest or
maximum value was used to calculate 50% of the individual’s MVC
force.
Two PPT assessments (see below) were made at m. quadriceps
femoris at the afﬂicted side and at the contralateral m. deltoideus
(corresponding sites in controls) before the start of contraction.
Subjects were instructed to perform an isometric contraction (knee
extension) corresponding to 50% of their individual MVC (afﬂicted
side). The contraction was performed in a sitting position pushing
against a resistance attached horizontally to the ankle with the
knee joint ﬂexed to about 90 degrees. PPTs were assessed at the
contracting m. quadriceps and at the resting contralateral m.
deltoideus starting 5 s after beginning of contraction and then
every 30 s during contraction. Subjects were asked to keep the
contraction until exhaustion (maximum 5 min).
Assessment of pressure pain sensitivity
PPTs, PP4 and PP7 were assessed by a pressure algometer
(Somedic Sales AB) with a probe area of 1 cm2. The rate of pressure
increase was keep at approximately 50 kPa/s using visual
biofeedback29. PPTs, PP4 and PP7were assessed bilaterally once per
site at ﬁve sites i.e., supraspinatus, lateral epicondyle (elbow),
gluteus, major trochanter of femur and knee (medial fat pad
proximal to knee joint). To assess PPTs subjects were asked to press
a button as soon as the pressure became painful. To assess PP4 or
PP7, subjects were asked to press the button when pain reached
intensities rated as four out of 10 (moderate to strong pain) (PP4)
or seven out of 10 (very strong pain) (PP7), respectively, using
Borg’s category ratio (CR)-10 scale30, where 0 ¼ no pain and
10 ¼ extremely strong pain.
Statistics
To assess EIA, the relative change in PPTs during contractionwas
analysed. In analogy with our previous studies the PPTs were
normalized (i.e., each PPT value was divided by the individual’s ﬁrst
PPT measure at the corresponding site)18,31e33. The effect of exer-
cise on localized (i.e., at the contracting muscle) EIA was assessed
by analysing normalized PPTs at m. quadriceps using a repeated
measures ANOVAwith the within-subject factors TIME [four levels;
before and three times during contraction (start, middle, end)] and
TREATMENT (baseline and following neuromuscular exercise) and
between-subject factor GROUP (controls and OA patients). The
generalized (i.e., widespread) EIA effects were analysed in the same
way using normalized PPTs at m. deltoideus. The effects of surgery
on EIA were assessed by repeated measures ANOVA with the
within-subject factors TIME (four levels) and TREATMENT
(following exercise and following surgery). In both models,
GreenhouseeGeisser corrections were used in case of signiﬁcant
test of sphericity.
The change in EIA was calculated by subtracting the normalized
baseline value from the normalized value during contraction (i.e.,
normalized PPT at start/middle/end of contraction  normalized
PPT baseline) for each individual at m. quadriceps and m. deltoi-
deus, respectively. The average change and the 95% conﬁdence
interval were calculated. Gender differences in EIA were assessed
by comparing the change in EIA at the end of contraction using an
unpaired t-test. Following exercise, post-hoc correlations between
the duration of the neuromuscular exercise (number of weeks) and
the change in EIA (at end of contraction) were analysed by Pear-
son’s correlation coefﬁcient.
Table II
Pain intensity (median and interquartile range), strength (50% MVC) (mean and
standard deviation) and duration of contraction (mean and standard deviation)
Controls,
n ¼ 43
Knee OA, n ¼ 66 Hip OA, n ¼ 47
Pain (mm VAS)
Baseline 1 (0e2) 10 (4e28)y (P < 0.0001) 15 (2e37)y
(P ¼ 0.0001)
After exercise* 2 (0e6) 14 (4e27)y (P < 0.0001) 6 (3e41)y (P ¼ 0.0001)
3 mo
after surgery
NA 3 (1e8)x (P < 0.0001) 2 (0e6)x(P ¼ 0.003)
50% MVC (N)
Baseline 10.6  3.4 8.2  2.9y (P < 0.0001) 9.0  2.5y (P ¼ 0.042)




NA 8.3  2.8x (P ¼ 0.009) 9.8  2.9
Contr. time (min)
Baseline 4.1  0.9 4.1  1.3 4.2  1.1
After exercise* 4.0  1.0 4.1  1.4 3.8  1.1z (P ¼ 0.024)
3 mo
after surgery
NA 4.3  1.2 3.7  1.2
NA ¼ non-applicable. P values are Bonferroni corrected.
* Control group did not exercise but was assessed a second time corresponding to
following exercise for the patients.
y Signiﬁcant difference from controls.
z Signiﬁcant difference from baseline.
x Signiﬁcant difference from exercise.
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ercise were analysed by a repeated measures ANOVA with the
within-subject factors SITE (10 levels; the ﬁve different sites where
pressure algometry was performed, bilaterally) and TREATMENT
(two levels; baseline and following exercise) and the between
factors GROUP (three levels; controls, knee OA and hip OA) and
GENDER as covariates. The effect of surgery on PPT, PP4 and PP7 in
OA patients was analysed by a repeated measures ANOVA with the
within-subject factors SITE (10 levels) and TREATMENT (two levels;
following exercise and following surgery) and the between factor
GROUP (two levels; knee OA and hip OA) and GENDER as covariate.
In both models, GreenhouseeGeisser corrections were used in case
of signiﬁcant test of sphericity. Given the large sex differences in
pain sensitivity, post-hoc assessments of group differences were
assessed with gender as a covariate34.
Between group differences in VAS ratings were analysed by the
KruskaleWallis Test and post-hoc analysis by the ManneWhitney U
test and within group differences by Friedman’s two-way analysis
of rank with post-hoc analysis using the Wilcoxon signed rank test.
Group differences in 50%MVC and contraction times were analysed
by ANOVAs with gender as a covariates and post-hoc analysis of
within group differences by paired t-test.
Results
Patients lost to follow-up (Fig. 1)
Following exercise, 21 patients were lost to follow-up. The drop
out rate was larger in the knee OA group (n ¼ 17, 20.5%) than in the
hip OA group (n ¼ 4, 7.8%), however, the knee OA drop-outs did not
differ in age, baseline pain ratings or KOOS from knee OA patients
completing the study. From our complete dataset (baseline and
following exercise, n¼ 113) all knee OA patients and all but two hip
OA patients underwent TJR, but four were lost to follow-up.
Pain ratings, strength and contraction times
The baseline subject characteristics are presented in Table I. The
changes in pain ratings, strength and contraction times are pre-
sented in Table II. OA patients had higher pain ratings (VAS)
compared to controls at baseline and following exercise. Compared
to baseline, there were no statistically signiﬁcant changes in pain
ratings following exercise, but pain decreased following surgery in
knee and hip OA patients. Compared to controls, knee and hip OA
patients had lower 50% MVC at baseline, but 50% MVC normalized










Age (years) 68.9  4.6 68.0  4.3 67.1  4.0
Women [n (%)] 23 (53.5%) 39 (59.1%) 26 (55.3%)
Nr painful sites (0e18) 1.1  1.7 3.5  2.4 3.2  1.5
HADeD (min 0emax 21) 4.6  2.4 5.3  2.8 5.6  3.2
HADeA (min 0emax 21) 6.0  1.6 5.9  1.6 6.6  2.2
HOOS/KOOS subscales (0 worste100 best)
Pain 90.4  14.3 42.3  12.6 38.9  13.1
Symptoms 88.1  14.3 45.8  15.0 36.8  16.4
ADL 91.2  13.1 47.2  13.5 44.2  14.9
Sport/Rec 83.7  21.6 13.9  18.9 22.5  16.9
QOL 86.4  18.5 25.5  12.8 29.9  15.1
Number of painful sites; Hospital anxiety and depression scale (HAD);
D ¼ depression; A ¼ anxiety. The HOOS/KOOS subscales; pain, other symptoms,
ADL, function in sport and recreation (sport/rec), and hip/knee related QOL.surgery in knee OA patients. There were no statistically signiﬁcant
group differences in contraction times.
EIA at baseline and following exercise (Fig. 2)
Normalized PPTs at m. quadriceps and at m. deltoideus
increased during contraction in OA patients and controls alike
(P < 0.0001). There was no statistically signiﬁcant change in
normalized PPTs following exercise compared to baseline in OA
patients, nor between the ﬁrst and second assessment in controls.
There was a positive correlation between baseline localized and
generalized EIA in the OA group (r ¼ 0.401, P < 0.0001). Following
exercise, there were no statistically signiﬁcant correlations be-
tween the duration of neuromuscular exercise (weeks) and the
change of EIA at m. quadriceps (r ¼ 0.089, P ¼ 0.424) or m.
deltoideus (r ¼ 0.162, P ¼ 0.146). There were no statistically sig-
niﬁcant gender differences in EIA at baseline (data not shown).
The effect of surgery on EIA (Fig. 3)
Normalized PPTs at m. quadriceps increased during contraction
in OA patients following exercise and surgery alike (P < 0.009).
Normalized PPTs at m. deltoideus increased during contraction in
OA patients (P < 0.0001) but there was no statistically signiﬁcant
effect of surgery. However, there was a statistically signiﬁcant
TIME  TREATMENT interaction (P ¼ 0.036). The latter is explained
by the temporary reduction of normalized PPTs at the start of
contraction following surgery (while this effect was not seen
following exercise).
Sensitivity to pressure pain at baseline and following exercise
(Fig. 4)
There was a signiﬁcant difference between groups in PPTs
(P ¼ 0.026) and also a statistically signiﬁcant difference between
groups related to the assessed sites (i.e., GROUP  SITE interaction)
(PPT: P < 0.0001, PP4: P ¼ 0.031, PP7: P ¼ 0.004). Furthermore, PP4
Fig. 2. The average change from resting condition and the 95% conﬁdence interval of
normalized PPTs during (start, middle, end) an isometric contraction of m. quadriceps
femoris (50% MVC) in OA patients (n ¼ 113) and healthy controls (n ¼ 43). Values
above 0 indicate higher PPTs during contraction, i.e., activation of EIA. Assessments
were performed at baseline and following neuromuscular exercise (patients) or a
3-month interval (controls second assessment). PPTs were assessed at the contracting
m. quadriceps femoris (A) and at the resting m. deltoideus (B).
Fig. 3. The average change from resting condition and the 95% conﬁdence intervals of
normalized PPTs before and during (start, middle, end) an isometric contraction of m.
quadriceps femoris (50% MVC) in OA patients (n ¼ 107). Values above 0 indicate higher
PPTs during contraction, i.e., activation of EIA. Assessments were performed following
neuromuscular exercise and 3 months following surgery (TJR). PPTs were assessed at
the contracting m. quadriceps femoris and at the resting m. deltoideus.
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this was not a uniform ﬁnding in all groups (PP7,
TREATMENT  GROUP interaction, P ¼ 0.017). Post-hoc analysis
showed that there were no statistically signiﬁcant changes in PP4
or PP7 between baseline and second assessment (3 months) in
healthy controls, or between baseline and following exercise in
knee OA patients. In hip OA patients, PP4 (P ¼ 0.005) and PP7
(P ¼ 0.001) were lower following exercise compared to baseline.
Given the signiﬁcant SITE  GROUP interaction in pain sensi-
tivity we wanted to examine differences between patients and
controls in segmental (periarticular) and generalized (widespread)
pain sensitivity. The segmental pain sensitivity was assessed
bilaterally at medial epicondyle of femur (knee OA) or trochanter
femoris (hip OA) and the generalized pain sensitivity was assessed
bilaterally at the remaining eight sites [i.e., excluding the knee sites
bilaterally (knee OA) and the trochanter sites bilaterally (hip OA),
respectively]. The reason we excluded these sites bilaterally is that
increased pain sensitivity is often reported at both sides alike, even
in unilateral OA8. Compared to controls, hip OA patients had lower
generalized PPTs at baseline and following exercise, as well as
lower PP4 and PP7 following exercise compared to controls, but no
signiﬁcant differences were seen between knee OA patients and
controls. Knee and hip OA patients had lower segmental PPTs, PP4
(knee only) and PP7 compared to controls at baseline. Following
exercise, hip OA patients, still had lower segmental PPT, PP4 and
PP7 than controls, but no differences were seen between knee OA
patients and controls.
Due to the signiﬁcant overall TREATMENT  GROUP interaction
for PP7 (P ¼ 0.017) we performed post-hoc tests of within-group
differences between baseline and following exercise. Generalized
(P ¼ 0.001) and segmental (P ¼ 0.030) PP7 decreased following
exercise in hip OA patients, but no statistically signiﬁcant differ-
ences over time were found in controls or knee OA patients.
Women had lower PPTs, PP4s and PP7s than men in all groups
and at all times (P < 0.0001) (data not shown).
The effect of surgery on sensitivity to pressure pain in OA patients
(Fig. 5)
There were no statistically signiﬁcant changes in PPTs, PP4 or
PP7 in knee or hip OA patients following surgery.
Discussion
Main ﬁndings
To our knowledge, this is the ﬁrst study of EIA in OA patients.We
found a normal function of EIA in OA patients at baseline. Despite
the increase in muscle strength following neuromuscular exercise
and the pain reduction following surgery, no treatment effect on
EIA was seen. Compared to controls, both hip and knee OA patients
had higher segmental (periarticular) sensitivity to threshold pres-
sure pain and suprathreshold pressure pain. Furthermore, hip OA
patients, but not knee OA patients, had higher generalized pain
sensitivity compared to controls, and the pain sensitivity was un-
affected by neuromuscular exercise and surgery.
EIA
In healthy subjects, localized (i.e., at the contracting muscle) as
well as generalized (at distant restingmuscle) EIA has been reported
during static muscle contractions18,33 and was, at least partially,
attributed to the activation of conditioned pain modulation (CPM)
[formerly, referred to as diffuse noxious inhibitory control
(DNIC)]18,33. The physiological overlap between EIA and CPM is in
Fig. 4. Sensitivity to threshold (PPTs) and suprathreshold (PP4, PP7) pressure pain (mean and 95% conﬁdence interval) in knee OA patients (A) (n ¼ 66) and hip OA patients (B)
(n ¼ 47) and healthy controls (n ¼ 43) at baseline and following exercise (patients) or a 3-month interval (controls). Signiﬁcant group differences are indicated. Segmental;
bilaterally at medial epicondyle of femur (knee OA and controls) or at trochanter femoris (hip OA and controls). General; bilaterally at the remaining eight sites [i.e., excluding
medial epicondyle of femur bilaterally (knee OA and controls) or the trochanter sites bilaterally (hip OA and controls), respectively].
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Fig. 5. General sensitivity to threshold (PPTs) and suprathreshold (PP4, PP7) pressure pain (mean and 95% conﬁdence interval) in knee OA (n ¼ 63) and hip OA patients (n ¼ 44)
following exercise and 3 months following surgery.
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example, a dysfunction of localized as well as generalized EIA was
reported in ﬁbromyalgia patients18,32,35, a patient group with a well
characterized dysfunction of CPM7,36,37. Recently, a normal function
of localized as well as generalized EIAwas reported in patients with
RA38, a patient group with normally functioning CPM39. However, in
shoulder myalgia patients, another patient group where a normal
function of CPM had previously been reported40, a dysfunction of
localized as well as generalized EIA was found during contractions
with a pain afﬂicted shouldermuscle, while a normal function of EIA
was seen during contractions with a pain free muscle (quadriceps
femoris)18. These results suggest that other mechanisms than CPM
were involved, which would be in line with our ﬁndings of normal
EIA in OA patients, despite the previously reported dysfunction of
CPM in knee9,11 and hip13 OA. Another possible explanation could be
that EIA during static muscle contractions is normal in patients with
joint pain (RA, OA) but dysfunctional in patients with muscle pain
when contracting their painful muscles, possibly due to pain facili-
tatory effects overriding the inhibitory effects18. Although physical
exercise has been reported to affect topedown painmodulation and
to decrease pain sensitivity in healthy subjects20,21 we did not ﬁnd
any treatment effects on EIA in our OA patients. Furthermore, there
was no correlation between the duration of the neuromuscular
exercise and EIA and no treatment effects were seen in a subgroup
analysis of patients performing supervised neuromuscular exercise
(data not shown).
Sensitivity to pressure pain at baseline
We found higher segmental (periarticular) sensitivity to
threshold and suprathreshold pressure pain at baseline in both hipand knee OA patients compared to controls. The lower PPTs at
periarticular sites are in accordance with previous studies in hip12
as well as knee8,9,11 OA. However, to our knowledge, this is the
ﬁrst time that elevated sensitivity also to suprathreshold pressure
pain (i.e., hyperalgesia to pressure) has been demonstrated in hip
and knee OA patients. In addition we found a higher generalized
sensitivity, i.e., a decrease in PPTs in hip, but not knee OA, compared
to healthy controls, adding to the literature suggesting results for
hip and knee OA should be reported separately due to their
different nature41.
At variance with our results, previous studies have shown lower
PPTs also at sites distant to the affected joint in knee OA8,10,11. There
are several possible reasons for this discrepancy. First, it has been
shown that lower PPTs in knee OA patients were related to a high
intensity of ongoing pain8e10. Lower PPTs were reported in knee OA
patients with VAS pain ratings higher, but not lower than 60 mm9
and the patients in the study by Graven-Nielsen et al.11 had average
VAS pain ratings of 64 mm, as compared to 18 mm in our study. In
addition, in contrast to previous studies, our control group was
matched for age, gender and municipality and recruited from the
national population registry, thus avoiding possible bias towards
healthier subjects.
In conclusion, our hip and knee OA patients had a higher peri-
articular (segmental) sensitivity to threshold and suprathreshold
pressure pain indicating peripheral and/or central sensitization,
which is in accordance with previous studies42. In addition, hip, but
not knee, OA patients also had a generalized higher sensitivity to
threshold and suprathreshold pressure pain in line with
CNS mechanisms such as central sensitization, or altered
descending pain regulation (disinhibition or facilitation). Similar
ﬁndings were recently reported also in patients with RA38.
E. Kosek et al. / Osteoarthritis and Cartilage 21 (2013) 1299e13071306The effects of neuromuscular exercise on pain sensitivity
Following neuromuscular exercise, hip OA patients still had
higher threshold and suprathreshold pressure pain sensitivity
compared to controls. No signiﬁcant differences in pain sensitivity
were found between knee OA patients and controls following ex-
ercise. Despite the fact that there were no statistically signiﬁcant
changes in pain sensitivity over time in knee OA patients or con-
trols, there was a trend (NS) of increased pain sensitivity in controls
explaining why the group differences seen at baseline were no
longer present following exercise. Therefore, we can conclude that
neuromuscular exercise did not decrease pain sensitivity in our OA
patients, not even when only the subgroup performing supervised
exercisewas assessed. In fact, contrary to our hypothesis, sensitivity
to suprathreshold pressure pain increased in hip OA patients
following exercise. There are several possible explanations for this,
i.e., an effect of exercise, an effect of progress of the OA disease itself
or a result of methodological limitations of pain sensitivity
assessments29.
The effects of surgery on pain sensitivity
There was no change in pain sensitivity in any group following
surgery. Given that the knee OA patients in our study had normal
pain sensitivity before surgery, the result in this group is not sur-
prising. Previously, a normalization of PPTs has been reported
following TKR11 or THR12,13, indicating that reduction of nociceptive
input normalizes pain sensitivity. Therefore, a normalization of
pain sensitivity would be expected in our hip OA patients since pain
was signiﬁcantly reduced following THR. One plausible explanation
is that longer time is needed for the normalization of central
sensitization and descending pain regulation. In the previous study
assessing patients following THR, the patients were reassessed 6e9
months following surgery13, as compared to 3 months in our study.
Limitations of the study
The lack of a non-exercising OA control group is a severe limi-
tation, but could not be obtained for ethical reasons since training is
considered as standard treatment for hip and knee OA patients in
Sweden. Also, having an exercising control group of healthy in-
dividuals would have been valuable but could not be done for
practical reasons. Following surgery patients participated in treat-
ment as usual including physical therapy and this could have
inﬂuenced the post-surgery results. Furthermore, the investigator
performing the assessments was not blinded to the patient/control
status, which is a weakness.
Conclusions
In conclusion, we found increased pain sensitivity but normal EIA
in patients with hip or knee OA. Exercise normalized the strength in
the affected leg in OA patients, but did not reduce pain intensity or
pain sensitivity and did not affect the function of EIA. Surgery
decreased pain but did not reduce pain sensitivity or affect EIA.
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